The fisheries of the Leeds / Liverpool Canal by Stewart, L.
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INTRODUCTION 
Over a number of years complaints have been made by various 
angling associat ions within the area of the Lancashire and Mersey 
and Weaver River Authori t ies about the unsat isfactory s t a te of the 
f i sher ies in the Leeds/Liverpool Canal. Following upon 
discussions with the associat ions the Lancashire River Authority 
agreed to carry out an invest igat ion into the f ish species and 
t h e i r populations. The survey has extended over two years and 
i t i s hoped that the following information wil l be of value to a l l 
concerned. 
The canal i s 127 miles in length when measured from the 
River Aire at Leeds to the docks at Liverpool. 56 miles are 
under the ju r i sd ic t ion of the Yorkshire River Authority, 57 miles 
f a l l within the Lancashire River Authority area and 14 miles in 
the Mersey and Weaver River Authority area. In the Lancashire 
River Authority area there i s an addit ional 14 miles of subsidiary 
canal leading away from the main channel which i s known as the 
Tarleton Arm. The survey extended from Foulridge Tunnel, grid 
reference' SD 875417, to Aintree, grid reference SD 378985, see 
map opposite. 
The survey was confined to tiro sections : -
i ) That part of the canal which passes through 
the area of the Lancashire River Authority 
i i ) 10 miles of that section which runs through 
the area of the Mersey and Weaver River 
Authority 
The f i sh were sampled by e lec t ro- f i sh ing , a 100 yard 
section of canal being sampled at each one mile i n t e r v a l . Water 
samples for chemical analysis were taken immediately pr ior to 
the commencement of f ishing operations. The analyses were 
intended to demonstrate the qpaality of the water in which the f i sh 
were l i v ing at the time of the survey. The samples were analysed 
in the chemical labora tor ies of the Lancashire River Authority. 
Regular samples of the fauna and f lora present in the canal were 
taken and examined in the f i sher ies laboratory of the Authority. 
1 . 
FISH POPULATION SURVEY 
The canal was divided in to 70 s i t e s marked at i n t e rva l s 
of one mile between the Foulridge Tunnel and Aintree, three of 
the s i t e s being on the Tarletcn Arm. At each mile s i t e a 100 
yard section of the canal was sealed off "by three stop nets of 
half- inch mesh, two nets being placed at one end of the section 
and one at the other, the object being that f i sh driven by the 
e l e c t r i c f i e ld as the boat i s moved along the section can be 
encircled by the inner of the two stop n e t s . A 14 f t . f ibre glass 
punt which held" a l l the equipment was used in the operation. A 
nine-horsepower A.C. petrol-dr iven generator energised s ix s t a in l e s s 
s tee l electrodes each 12 inches in diameter. The generator 
produced an output of 13 amps at 250 volts- and a voltage regulator 
controlled the output to give a sui table loading under d i f fer ing 
conditions of water conductivity. 
The ha l f - c i r c l e of s ix electrodes produced an e l e c t r i c f i e ld 
adequate to cover the width and depth of the canal . As the f ish 
were driven in front of the boat the inner stop net was pulled 
around enclosing a l l f i sh . The f ish were then t ransfer red to water-
f i l l e d containers where they were grouped in to species , counted 
and the length from nose to the fork of the t a i l measured t o the 
nearest mil l imetre . Scales were removed from f i sh at a l l s i t e s so 
tha t the ages and growth r a t e s in different areas could be 
determined. Each 100 yard section was fished over three times 
and an estimate of the t o t a l population of the section made. 
The sampling method was highly select ive of f ish greater 
than 3 inches in length . Some f i sh smaller than 3 inches were 
temporarily stunned but were not col lec ted . Table I shows the 
number of f i sh of each species caught at each s i t e . 
Between Poulridge Tunnel and Barrowford ( s i t e s 1 and 2) the 
canal i s well stocked with f i sh , roach being the dominant species . 
Only a few fish were caught in the canal between Nelson and 
Burnley ( s i t e s 3 to 8) although a small shoal of roach was caught -
near to the Br i t i sh Waterways Board depot at s i t e 8. 
From the centre of Burnley, to Clayton-le-Moors ( s i t e s 9 to 
16) only small numbers of f ish were caught, -these being mainly 
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roach, the greatest number being caught at site 12 near the road 
bridge at Hapton. A few more gudgeon were caught in this area. 
Between Clayton-le-Moors and Rishton (sites 17 "to 21), with 
the exception of 1 ruffe, only gudgeon were caught. At Whitebirk 
(site 22) a few roach congregated near to the discharge from the 
cooling plant of Whitebirk Power Station. All fish caught at site 
22 were in good condition and ready for spawning. In the centre 
of Blackburn (sites 23 to 25) the canal is practically devoid of 
fish but as it proceeds westwards out of the town (sites 26 to 29) 
the odd roach, perch, pike and gudgeon were caught. 
From site 30 (Riley Green) to site 33 (Wheelton) roach and 
perch became more numerous with some increase in the numbers of 
pike. Below the lock gates at Johnson's Hillock (site 34) "the 
largest number of fish in a 100 yards was recorded, the majority 
of the fish being roach. Rudd and pike were also in greater 
abundance. Prom Johnson's Hillock to Hew Springs, (sites 34 to 
43) "the numbers of fish caught varied greatly. At site 36 
relatively large numbers of roach were caught while at site 38 
gudgeon were more numerous than at any other sampling point. 
At site 42, Red Rock, there was a reasonable population of roach 
together with a few large bream. 
At New Springs the canal passes through a series of locks 
which take it down to the centre of Wigan where the fish population 
is nil. In fact in the 11 mile stretch of canal between sites 43 
and 54 only sites 47, 51 and 53 yielded fish. 
The Tarleton Arm had three sites along its length, namely 
52(A), (B) and (C). Only at sites 52(A) and 52(B) were fish 
caught and those were in very small numbers. 
Erom sites 55 to 67 the numbers of fish caught increased. 
Roach were the most numerous species but perch, pike, tench, carp 
and bream were also found. 
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TABLE I 
Numbers of Fish Caught at ; 
each 100 yard Section 
SITE HO. ROACH PERCH PIKE GUDGEON TENCH CARP BREAM RUDD RUFFE CHUB 
TABLE I (Continued) 
SITE WO. ROACH PERCH PIKE GUDGEON TENCH CARP BREAM RUDD RUFFE CHUB 
In Figure 1 the numbers of fish caught at each site are 
expressed as a histogram. The numbers caught along the Tarleton 
Arm, sites 52(A), (B) and (C) are not included. It clearly shows 
the three areas where fish were more plentiful. These were 
at sites 1 and 2, the area, between sites 34 and 42 and the area 
between sites 55 and 67. Elsewhere in the canal the fish stock 
was extremely poor, no fish being caught at 18 of the 70 sites. 
Although there were many sections where no fish were caught 
it may be misleading to assume that fish are not present between 
such sections. To determine whether any fish were present between 
the check sites, sampling sections |r mile in length were electro-
fished. At the check sites the -g mile length was divided into 
100 yard sections, each section being fished through once. All the 
fish were removed, counted and measured. The results are recorded 
in Table II, 
6. 

The check sites were selected at random along the length of 
the canal and of these sites at only one, site 44t were there no 
fish caught. At sites 36* to 42 reasonable numbers of fish were 
recorded, but at other sites comparatively small numbers of fish 
were caught. 
In Table III the roach which were caught in both the 100 yard 
survey (Table I) and the check sites (Table II) are tabulated in, 
length ranges. In Table IV the numbers of roach in these size 
ranges are expressed as percentages. From these figures it can be 
seen that between sites 1 to 5, 72% of fish are above 20 cm in 
length. Progressing down the canal this percentage decreases, 
e.g. sites 21 to 25, 22% above 20 cm in length. Between sites 
46 to 50 large fish become extremely scarce as only 5% are above 
20 cm in length. 
From site 53 onwards the average size of fish increases. 
The variation in the proportion of large fish present in different 
areas of canal is shovm in Graph 1 where the percentages of roach 
above 20 cm are indicated. 
8. 
TABLE III 
Number of Roach in Size Groups 
10. 
TABLE IV 
Percentage Frequency of Roaoh in Different Size Ranges 
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FISH PARASITES 
Samples of fish were taken and examined for parasitical 
infestation. The results are shown in Tables V and VI. 
TABLE V 
Parasites in Roach 
13. 
TABLE V (Continued) 
14. 
TABLE VI 
Parasites in Perch 
15. 
RESULTS OF DIVE ST I GAT ION INTO 
PARASITICAL INFESTATION 
"0 P a r a s i t e s found i n Roach 
From. Table V i t can he seen t h a t the most common p a r a s i t e 
spec i e s i n the roach was the eye f luke , Diplostomum (a d i g e n e t i c 
t r e m a t o d e ) . T h i s , a s i t s name s u g g e s t s , i s found i n the f i s h ' s 
eye , or more s p e c i f i c a l l y the l e n s . When i n the f i s h , i t i s a t 
t he i n e t a c e r c a r i a l s tage of the l i f e c y c l e . I f t he f i s h i s e a t en 
by a b i r d the p a r a s i t e matures and produces eggs which pa s s out 
wi th the b i r d ' s f a e c e s . I f t he se land i n water they ha tch i n t o 
m i r a c i d i a l a rvae which p e n e t r a t e c e r t a i n s p e c i e s of a q u a t i c s n a i l s . 
Here they become sporocys t s and l a t e r c e r c a r i a e . These l a t e r 
leave the s n a i l and bore i n t o f i s h . Once i n s i d e they migra te t o 
the eye and become m e t a c e r c a r i a e . This p a r a s i t e was found i n a l l 
t he roach examined and was the only p a r a s i t e of g rea t s i g n i f i c a n c e . 
Only i n f r e q u e n t l y were o the r p a r a s i t e s found. D i s t r i b u t i o n 
was not haphazard, p a r a s i t e s b e i n g g e n e r a l l y confined t o c e r t a i n 
a r e a s . Glochidia j which a re the l a r v a l phase of t h e Unionid 
b i v a l v e s ( i . e . f reshwater musse l s ) , were found a t t a c h e d t o the 
g i l l s of a' ew f i s h . These were found a t two s i t e s , 34 and 36, 
midway a long the c a n a l . In the i n v e r t e b r a t e survey only two 
adu l t Unio were found, one a t s i t e 2>6 and the o the r a t s i t e 66, so 
t h e r e i s a r easonab le correspondence wi th the l o c a t i o n s of the 
l a r v a e . The small number of Unio would account for the very small 
numbers of Glochid ia found i n the g i l l s . 
Another p a r a s i t e found on the g i l l s was a Monogenean f luke 
c a l l e d Diplozoon. This s p e c i e s r e q u i r e s no secondary hos t and 
was not common, only two be ing found out of 55 f i s h . 
The only o the r p a r a s i t e found i n roach was the t h o r n y -
headed worm, Acanthocephalus l u c i i . This occurred a t two s i t e s 
near the Liverpool end of the c a n a l . Acanthocephalus l u c i i 
r e q u i r e s e i t h e r A s e l l u s , Gammarus, or an i n s e c t l a r v a as an 
i n t e rmed ia t e h o s t . Here the l a r v a develops i n t o the a c a n t h e l l a 
s t a g e . This remains qu iescen t u n t i l the c r u s t a c e a n i s e a t en by 
a f i s h , i t t hen develops i n t o the adu l t s tage i n the g u t , u s u a l l y 
i n t h e middle and lower i n t e s t i n e a r e a . 
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At other sites along the canal this parasite appears to 
be absent which may be due to the scarcity of Asellus and Gammarus. 
2) Parasites found in Perch 
A much smaller number of perch were examined - 17 in all. 
The results are shown in Table VI. There was no ubiquitous species 
of parasite like Diplostomum in the roach. In fact, most of the. 
fish carried very few parasites except those at site 55 which had 
moderate numbers of Acanthocephalus lucii, which is no doubt due 
to the fairly large numbers of intermediate hosts, namely Asellus 
and Gammarus, at this site, 
Acanthocephalus lucii was found in the intestine as far up 
as the duodenal area. Here the red nematode, Carnal1anus lacustris, 
took over. This species was often found in the gastric caecae of 
which there are three in perch. 
The metacercaria of Diplostomum were found in perch at 
sites 30 and 35 but the numbers of the parasite were much lest' 
than had been found in roach. Argulus foliaceus, the carp louse, 
and Piscicola geometra, the fish leech, were found on many perch 
and roach, particularly at sites near Hoghton (site 29). 
17. 
CHEMICAL ANALYSIS OP THE WATER 
Samples of water were taken prior to the commencement of 
electro-fishing to determine the chemical constituents of the 
water. 
The results of these analyses are shown in Table VII. 
Each constituent is plotted separately against a histogram of 
the fish population in Graphs 2 to 15. 
A complete analysis of toxic metals was also carried out 
but as these were below critical levels in all cases they were 
not included in the Tables. 
18. 
TABLE. VII 
Chemical Analysis 
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WATER ANALYSIS 
The r e s u l t s of the ana lyses show t h a t the water q u a l i t y i n 
t h e cana l w i l l suppor t f i s h l i f e a t a l l s i t e s except t hose i n t h e 
c e n t r e of Wigan ( s i t e s 44 and 45). 
pH Value (Graph g) 
The pH of the water f l u c t u a t e s between 7.1 and. 9.2. hut 
t h e water g e n e r a l l y becomes more a l k a l i n e as the canal p r o g r e s s e s 
towards Ain t ree ( s i t e 6 7 ) . More p roduc t ive f i s h e r i e s r e s u l t i n 
wa te r s where the water i s more a l k a l i n e . The low r e a d i n g of 
5 .8 a t s i t e 6 may be due t o ac id seepage from s l a g heaps near t o 
t h e cana l bank. 
Suspended So l id s (graph 3) 
Levels of suspended s o l i d s i n the cana l v a r i e d c o n s i d e r a b l y 
a t t he t ime of sampling, but these appeared to have l i t t l e or no 
e f f e c t on the f i s h p o p u l a t i o n . 
E l e c t r i c a l Conduc t iv i ty (Graph 4.)r 
The e l e c t r i c a l c o n d u c t i v i t y shows two obvious peaks , one 
between s i t e s 8 and 31 and t h e o the r between s i t e s 43 and 55. The 
f i r s t r e l a t e s t o the Burnley-Blackburn a r e a , the second where the 
River Douglas make-up water e n t e r s the cana l a t Wigan. 
To ta l Dissolved So l id s (Graph 5). 
These i o n i s e d subs tances a re measured by the e l e c t r i c a l 
c o n d u c t i v i t y so t h e curve for the d i s s o l v e d s o l i d s fo l lows c l o s e l y 
t h a t of the c o n d u c t i v i t y . 
D i s so lved Oxygen (Graph 6) 
Disso lved oxygen l e v e l s appear t o be s a t i s f a c t o r y wi th t h e 
excep t ion of two s i t e s . In the c e n t r e of Wigan ( s i t e s 44 and 45) 
t h e c o n c e n t r a t i o n s of d i s s o l v e d oxygen were 1.8 and 5«1 ppm. 
F a r t h e r s t u d i e s a re necessa ry t o determine whether d i u r n a l 
v a r i a t i o n s in d i s s o l v e d oxygen occur as a r e s u l t of excess ive 
weed or a l g a l growth. 
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Permanganate Value (Graph 7.), 
There appears to be no relationship between the permanganate 
value and the numbers of fish caught. 
Biochemical Oxygen Demand (Graph 8) 
The B.O.D, is a measure of the amount of oxygen used by 
aerobic micro-organisms in breaking down organic matter present 
in water and thus an indirect indication of the amount of organic 
matter present. Erom the graph it appears that there are several 
sites where the B.O.D* is high (i.e. above 5 nig/l) and- at such sites 
it is possible that conditions of loxv dissolved oxygen could 
develop in very hot weather. Before any valid conclusions can be 
made, further samples should be taken from these sites. 
Hardness, Calcium and Magnesium (Graphs 9, 10,and 1l) 
These three factors can be grouped together as the hardness 
readings are largely made up of the calcium and magnesium 
concentrations of the water. The graphs show that there is a 
gradual build up of the calcium and the hardness values in the 
industrial areas of Burnley and Blackburn. The magnesium increases 
greatly at site 47 because of the difference in geological 
conditions in that area. 
Alkalinity (Graph 12) 
The alkalinity is a measure of the bicarbonate, carbonate 
and hydroxide content of the water. Higher values occur between 
sites 8 to 15 and then again between sites 21 and 23. The Wigan 
boundaries are clearly indicated as a separate peak. 
Ammoniacal, Albuminoid, Nitrite and Nitrate Nitrogen (Graphs 13» 14 and 15) 
No conclusions can be made regarding the effect of these substances 
although there appears to be an inverse relationship between ammonia 
and fish numbers. 
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MUD SEDIMENT ANALYSIS 
F i f t e e n mud samples were ob ta ined from the bed of t h e 
canal u s i n g a Freshwater B i o l o g i c a l Assoc i a t i on core sampler 
which works on the p r i n c i p l e of h y d r o s t a t i c p r e s s u r e . The 
samples t aken were analysed i n the chemical l a b o r a t o r y of the 
Lancashi re River A u t h o r i t y , 
The r e s u l t s of the chemical a n a l y s i s of the mud sediment 
are shovm i n Table V I I I . In Graph 16 the minera l o i l l e v e l s a re 
p l o t t e d a g a i n s t a his togram of the f i s h p o p u l a t i o n . 
Table IX shows a comparative s e t of f i gu re s for t h e l e s s 
i n d u s t r i a l i s e d Lancas te r Canal . 
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TABLE V I I I 
Chemical Ana lys i s of the Mud Sediment _ June 1972 

(LANCASTER CANAL) 
TABLE IX 
Chemical Analysis of the Mud Sediment - June 1972 
40. 
CONCLUSIONS 
Mineral Oil 
From Table VXIX it can he seen that high levels of oil are found 
in the mud sediment at sites 10, 15, 18 and 22, and again at site 5"! 
(Newburgh). 
Graph 16 compares the oil in the mud sediment with the number 
of fish caught at each site along the canal. Visual inspection 
of the graph shows that where levels of oil were high only small 
numbers of fish were found. The results were tested statistically 
using the multiple regression analysis tecbniqiie. The results which 
were obtained showed that the level of oil had a high inverse 
correlation with the numbers of fish. This finding is of some 
importance in explaining the decline of the fisheries of the Leeds/ 
Liverpool Canal. 
Until a few years ago oil, cyanide and phenolic compounds 
entered the canal from the Altham Coke Works which has since closed* 
Oil may still be entering the canal from other sources as accidental 
spillages. Two small sources of oil contamination were noted while 
carrying out the survey. One was at Accrington (near site 16) where 
spillages from oil tankers seeped a short distance into the canal 
from the premises of an oil transport company. The other was at 
Burnley (site 11) where heavy rain carried in a small slick from an 
old factory oil trap. Any oil entering the canal eventually 
emulsifies and sinks creating an unproductive layer over the canal 
bed. The oil content of the mud on the canal bed in certain areas, 
particularly those mentioned earlier, appears to be damaging the 
fauna and, therefore,.the fisheries. 
Oil is biodegradable, although the length of time required 
to break down oil under the conditions existing in the mud of a 
canal bed is not known. Information is available on the breakdown 
of oil in rivers, but such an example is not comparable when 
applied to conditions as existing in the canal as oxygenation in 
rivers is often higher and can result in more rapid degradation. 
The quantities of oil present in the mud on the bed of the canal 
in some areas are probably causing a restriction in the size and 
diversity of the invertebrate fauna. 
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The length of time required to improve the fish population 
in the canal may largely depend upon the removal of the oil. It 
is, therefore, vital that research is carried out into the 
biodegradibility of oil in still water. 
Zinc 
High levels of this metal are found at sites where the oil 
content is high, namely site 5 (Brierfield), site 10 (Burnley), 
site 18 (Accrington) and site 51 (iTewburgh.). Host mud deposits 
in river systems contain zinc, even the mud of relatively clean 
rivers. Atmospheric pollution may increase the zinc content of 
mud sediment slightly but this is unlikely at the above sites. 
High levels of zinc may account for the reduced weed growth in 
the named areas. 
Copper 
Copper levels in the mud are higher at those sites found 
to have high levels of mineral oil and zinc but the levels do not 
seem to have reached toxic proportions. 
Copper is a well known algicide and in large quantities 
will inhibit groivth of algae and other plants, but it is unlikely 
that the levels recorded in the Leeds/Liverpool Canal will be 
harmful to plants. 
Chromium 
Chromium is a metal which, where found in river muds, 
is usually derived from trade waste. It is a common waste product 
of the electroplating and alloy producing industries as well as 
from foundaries. 
The area, of the Leeds/Liverpool Canal where most chromium 
is found in the mud is at ITewburgh where it reaches a level of 
1170 ppm. The effect of high concentrations of chromium on the 
fauna and fisheries is uncertain but is worthy of further 
investigation. Chromium levels north of Wigan are not very high 
and therefore probably have little effect on the canal's productivity. 
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Lead 
Lead leve]s are higher in the industrial area between 
Brier-field (site 5) a-nd Blackburn (site 22) and again around 
Wigan (sites 46 and 51)« The origin of lead is clearly a matter 
for speculation for it may be present in the mud from both clean 
and polluted rivers, lakes and ponds. Although effluents may 
add to the lead content of the mud they are clearly not 
responsible for the bulk of the lead content. In industrial 
areas as found on the Leeds/Liverpool Canal and River Douglas 
much of the lead is derived from atmospheric pollution. The 
amount of lead in the canal mud sediment is unlikely to have 
much effect on the fauna. 
Arsenic 
Levels of arsenic vary quite considerably from area to 
area and may well contribute to the overal l condition of the 
canal where levels are higher,but in most areas t h i s effect i s 
l i ke ly to be minimal. The amount of information available on the 
effect of arsenic in mud i s so sparse that much more de ta i led 
work i s e ssen t i a l before i t s effect on the f i sher ies can be 
assessed. 
Iron 
Iron i s found in large quant i t ies in a l l so i l s and muds. 
Higher l eve l s occur at s i t e 5 (Br ie r f i e ld ) , s i t e 10 (Burnley) 
and s i t e 51 (Newburgh), but these are not l i ke ly to have any 
s ignif icant effect on the f i she r i e s . 
Mckel 
Nickel, l ike copper and zinc, i s known to be taken up 
readi ly by p lants which may lead to changes in the d i s t r ibu t ion 
of p lan ts i f the level in the mud or surrounding water increases . 
Nickel also has a f a i r l y high percentage so lub i l i t y and could be 
taken into solut ion readi ly when mud i s disturbed by boats , e t c . 
The areas of the canal with higher levels of nickel may, t he re fo re , ' 
show inhibi ted plant growth. This i s not the case at Newburgh 
where nickel i s high and weed growth i s high, but the environment 
around Standish and Mewburgh i s more complex than other areas 
because of the influence of make-up water taken from the River 
Douglas. 
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Cadmium 
Cadmium is only found, in minute traces throughout the canal. 
Only at Accrington and Newburgh are levels slightly higher. 
44. 
INVERTEBRATE FAUNA SURVEY 
The bottom fauna survey vjas carried out between April 
and September 1972 with samples being taken approximately every 
five miles at monthly intervals- The reason for this procedure 
was to compensate for seasonal peaks in organisms. Three 
specific zones of the canal were studied :-
1) The bottom sediment 
2) The microenvironment of the 
canal walls 
3) The water 
The results of the survey are shown in Table X". 
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TABLE X 
Fauna Survey 1972 
Number of Organisms/Sg .Ft . a t C e r t a i n Canal S i t e s (Average A p r i l - September) 
CONCLUSIONS OI'T THE IHrVERTEBrjAT,E FAUNA SURVEY 
The organisms most f r equen t ly o c c u r r i n g i n the mud are the 
T u b i f i c i d worms which were found a t a l l s i t e s sampled in t h e 
c a n a l . In Graph 17 the numbers of T u b i f i c i d s recorded a t each 
s i t e a re p l o t t e d on the same graph as the o i l content of t h e mud. 
A v i s u a l examination sugges t s t h a t t h e r e i s a p o s i t i v e r e l a t i o n -
ship between the two. I t would appear t h a t T u b i f i c i d s are more 
t o l e r a n t of o i l p o l l u t i o n than o the r s p e c i e s of i n v e r t e b r a t e s 
and as t h e r e i s l e s s compet i t ion from o ther spec ie s in those a r e a s 
where the l e v e l of o i l i s h igh they m u l t i p l y acco rd ing ly . 
The environmenta.l f a c t o r which has more e f fec t upon the 
d i s t r i b u t i o n of i n v e r t e b r a t e fauna in the Wigan a r ea may be the 
d i s s o l v e d oxygen c o n c e n t r a t i o n . T u b i f i c i d s appear t o be b e t t e r 
able t o w i ths t and low l e v e l s of d i s s o l v e d oxygen than o the r s p e c i e s 
found i n the i n v e r t e b r a t e fauna of the c a n a l . 
A r i d e range of gas t ropod spec i e s i s t o be found i n t h e 
canal for example, Bithynia tentaculata, Limnaea Pereger 
Limnaea stagnalis, and Planorbis planorbis The dominant s p e c i e s 
is Bithynia tentaculata, which i s p r e sen t a t most s i t e s sampled. 
Where p r e s e n t , g r e a t e r numbers are found on the wa l l s t h a n on the 
bed of the c a n a l . The s i t e s where t h i s spec i e s i s most frequent 
a,re 1, 18, 51 and 5 2 ( B ) . Limnae pereger i s much more l o c a l i s e d 
and i s only found i n abundance a t s i t e s 10 and 18. This s p e c i e s , 
l i k e B i t h y n i a t e n t a c u l a t a , i s found t o i n h a b i t t he canal w a l l s . 
Only small numbers of Limnaea s t a g n a l i s and P l ano rb i s p l a n o r b i s 
were found. 
The numbers of c r u s t a c e a n s i n c r e a s e i n the a rea from s i t e s 
46 t o 67 . This appears t o be a s s o c i a t e d wi th the more abundant 
a q u a t i c v e g e t a t i o n found i n t h i s a r e a . 
Sphaerium corneum i s found at almost a l l s i t e s but the 
d i s t r i b u t i o n of t h i s s p e c i e s i s not q u i t e so uniform as t h a t of 
t h e g a s t r o p o d s . They are n o t i c e a b l y more p l e n t i f u l a t Barrowford 
( s i t e 1 ) . 
47-

Graph 18 shows the total invertebrate populations (except 
Tubificids) plotted against the catches of fish. There is some 
degree of relationship between the numbers of invertebrates and 
the numbers of fish present. 
Graph 19 shows the numbers of Tubificids plotted against 
the catches of fish at the various sites» There appears to be 
an inverse relationship between the numbers of Tubificids 
present and the numbers of fish caught. 
Considering these two graphs together it appears that 
the environmental factors which are restricting the fish 
population numbers are also restricting the development of an 
abundant invertebrate fauna (except for Tubificids which appear 
to be resistant to this effect),, Alternatively, restricted fish 
populations could be a result of the small food supply provided 
by a sparse invertebrate fauna. 
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WEED GROWTH IN THE CANAL . 
The species most often found were Elodea canadensis, 
Cladophora, Potomogeton pectinatus and P. perfoliatus. Other 
species also found in the canal included Potomogeton crispus, 
P. natans, P. praelongus, Sagittaria sagittofiliat Lemna minor 
and Ceratophyllum demersum. 
The amount of weed growth varied considerably throughout 
the canal. Frequent cutting is required between Parbold and 
Aintree, hut very little is necessary north of Wigan. Where 
the amount of weed increased the number of fish present also 
increased. This is probably due to the greater amount of food 
likely to be found in areas with more plant life. The species 
of weed found are fairly uniformly distributed throughout the 
canal. The conditions which have most effect on plant growth in 
the aquatic environment are :-
• a) Velocity of current 
b) Temperature 
c) Type of substrate 
d) Concentrations of plant nutrients 
in water and/or substrate 
e) Light penetration 
f) Stability of substrate 
g) Presence of toxic materials in 
water and/or substrate 
Although slightly milder weather conditions exist between 
Wigan and Aintree than between Wigan and Barrowford it is unlikely 
that this factor has any effect on the growth of weed. 
It is possible that certain harmful conditions have developed 
in some areas of the canal and that this may have had a direct 
effect on weed growth. If the weeds are freely suspended in the water, 
nutrients have to be obtained direct from the water. In the Leeds/ 
Liverpool Canal such plants as Lemna minor and Cladophora are freely 
suspended and were found in comparable amounts at most sites along . 
the canal and, therefore, if the surrounding water at certain points 
contained toxic elements then this uniform growth of weeds could not 
be expected. Phytoplankton does not appear to be lacking in any 
sample and, although there are slightly more species in certain areas, 
the quantities vary very little. Phytoplankton and floating weed 
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wil l survive in water where there i s a degree of t u rb id i t y but 
submerged weed requires an adequate supply of the sun's rays to 
enable photosynthesis to take p lace . High tu rb id i ty wil l 
r e s t r i c t light penetrat ion and the growth of submerged p l a n t s . 
During the survey the canal xirater was observed to be very clear 
from Burscough Bridge to Aintree and also in the Tarleton Arm, 
and in these areas the weed growth i s extremely good. The water 
in other areas of the canal was seen to be l e s s c lear and t h i s 
may be one of the factors which i s r e s t r i c t i n g the growth of 
submerged weed. 
The presence of high levels of o i l or toxic metals in 
the mud could also be a factor which i s a f fec t ing the d i s t r ibu t ion 
of rooted p l a n t s . Restr ic ted plant growth can affect f ish 
populations in three ways : -
a) By r e s t r i c t i n g the amount of weed avai lable 
for f i sh to spawn on 
b) By r e s t r i c t i n g the amount of "cover" available 
to f ish and, therefore , making them more 
susceptible to predation 
c) By r e s t r i c t i n g invertebrate populations, many 
species of which are associated with, or feed 
on, aquatic p l an t s . 
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DISCUSSION 
Before the survey commenced a study of all relevant 
information was made, including the Annual Reports of the 
Lancashire River Board and latterly the Lancashire River 
Authority, The information revealed a variety of altered 
circumstances arising from changing industrial processes and 
the decline of certain industries. 
Prior to the formation of the Lancashire River Board in 
1951 there was no pollution control over the canal. Consequently 
at this time the canal received considerable quantities of 
industrial trade wastes together with small volumes of sewage. 
The 12th Annual Report for the year ended 31st March 19^ 3» 
produced by the Lancashire River Board, states :~ 
"As the canal enters the Board's area at Foulridge it is 
"clean" but its organic impurity loading soon increases after 
it receives sewage effluent at Kelson which is intermittently 
pumped for make-up purposes. In the Altham area, it suddenly 
deteriorates after receiving effluent from the Coke Works, 
nil dissolved oxygen and 65.3 parts per million of free ammonia 
being recorded on a recent sampling survey in this vicinity. 
(The Coke Works ceased to operate in December 1962 and an improvement 
in water quality is therefore now anticipated). Recovery from 
this pollution is only slow as the canal passes through Blackburn 
and Chorley but substantial numbers of coarse fish are maintained 
in the section between Chorley, Adlington and Few Springs (Wigan). 
Below this point there is often a sudden and serious deterioration 
in water quality by virtue of the British Waterways Board exercising 
their powers to divert water to the canal from the polluted River 
Douglas at Scholes Weir (Wigan) and at Appley Bridge. Frequently 
low oxygen conditions are thus created and fish mortalities occur. 
Complaints of malodours from the water occasionally arise under 
conditions of warm dry weather. Some improvement occurs by the time 
the canal leaves the Board's area at Halsall." 
According to the Lancashire River Authority Annual Report 
for 1966, and as a result of the efforts of the Pollution Prevention 
54» 
Department, conditions were improving :-
"This canal passes through the Authority's area from a point 
east of Barnoldswick (where it leaves the area of the Yorkshire Ouse 
and Hull River Authority) to Halsall in the West Lancashire Rural 
District where it enters the area of the Mersey and Weaver River 
Authority. In general, the quality of water in the canal does not 
give rise to serious concern except in Wigan and westwards when it 
receives polluted feed water from the River Douglas at two points. 
There is also occasional cause for concern when large volumes of 
sewage effluent in East Lancashire are diverted to the canal for 
make-up purposes," 
The difficulties of securing speedy and long term improvements 
in water quality of the canal must not be underestimated for in the 
1968 report of the Authority adverse conditions were again the cause 
of fish mortalities :-
"In the Withnell Fold to Cherry Tree section, this canal was 
grossly polluted in June-July 1967 by an escape of oily liquids 
from an industrial waste tip at Ollerton Fold." 
In the 5th Annual Report of the Lancashire River Authority 
for the year ended 31st March 1970 it is further reported as 
follows :-
"During the dry summer of 1969 there was a deterioration 
in the condition of this canal due to the British Waterways Board 
(owners) resuming the supply to it of effluent from three large sewage 
works in East Lancashire. Over a 12-week period some 278 million 
gallons of effluent were thus diverted from the rivers which normally 
receive them and caused a significant depreciation of quality in the 
oanal between Brierfield and Blackburn. 
In the Wigan area, the intake of River Douglas water to the 
oanal gave rise to such bad conditions that two massive fish 
mortalities were caused and a large number of public complaints 
were received." 
In the Annual Report of the Authority for 1971 concern was 
again expressed. The quality of the water in the canal is acceptable, 
excepting Wigan and westwards where it receives polluted feed water 
from the River Douglas at two points. There is also occasional cause 
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for concern when large volumes of sewage effluent in East Lancashire 
are diverted to the canal for make-up purposes. 
Periodically complaints from anglers have "been received in 
the Fishery Department about oil pollution in the Leeds/Liverpool 
Canal and the British Waterways Board, in their Annual Report 
for 1971, recorded the discharge of 1600 gallons of oil into the 
canal at Burnley, thereby causing serious pollution. Whilst this 
may have been an isolated instance the present study into the fish 
populations in the canal reveals that oil on the bed of the canal 
is probably having an adverse effect upon the fisheries. 
It can be seen from these reports that in the last TO years 
the canal has suffered from serious pollution from a number of 
sources. The present survey indicates that the canal fauna may 
still not have fully recovered from the effects of these pollutions. 
Roach are the dominant species of fish and their relative 
abundance in different sections could be indicative of the 
environmental conditions in variouc parts of the canal. The only 
area where they are to be found consistently in large numbers is 
between sites 55 and 67 where conditions appear extremely favourable 
for their reproduction and growth. In this stretch of canal the 
water is clear, the invertebrate fauna is varied and the weed growth 
is prolific. 
North of Wigan there are many rural stretches of the canal 
which should have developed into good fisheries but the roach 
numbers are still extremely small, despite re-stocking with 680,000 
fish between 1967 and 1970. 
Since the survey there have been a number of fish mortalities 
during periods of hot sunny weather and these may have been caused by 
diurnal variations in dissolved oxygen due to respiration of plants 
during darkness. During darkness plants do not photosynthesise and 
hence do not replace the oxygen which they remove by respiration. If, 
in any area of the canal, the Biochemical Oxygen Demand of the water 
is high, this will further reduce the dissolved oxygen present during 
hours of darkness. This combination of factors may have caused fish 
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mortalities in the canal and more investigations are necessary 
in this field. 
The levels of oil found in the mud of certain areas of the 
canal may be restricting the invertebrate fauna and thus the amount 
of fish food available. In 1971 1600 gallons of oil were 
accidentally discharged into the canal near Burnley. It was 
treated by British Waterways Board with powdered chalk so that 
it would sink. Although out of sight, its effects are likely to 
be long term as the process of biodegradation of oil is slow. 
The invertebrate fauna survey shows that Tubificids are 
able to withstand the effects of oil pollution of the mud and they 
appear to benefit from the lack of competition from other species. 
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SUMMARY 
1) The fish populations in the Leeds/Liverpool Canal as 
covered by this survey are in many areas much smaller than is 
generally found in canals of this size. Only the western end 
of the canal consistently produced good catches of fish at each 
site. 
2) The dominant fish species in the canal was roach, which 
amounted to 81% of the catches. 
3) Prom sites 1 to 50 the age/growth relationship of roach 
is fairly uniform, Irom sites 51 to 67 the length of roach in 
relation to their age increased considerably. 
4) The estimated total fish population derived from the 
catches by a statistical method is 53,618 after all corrections 
have been made. This gives a figure of 1 fish for each 2,3 yards 
length of canal. The calculated total population is considerably 
less than the 671,906 fish which were introduced into the canal 
by the Lancashire Eiver Authority during the four years prior to 
the survey being carried out. 
5) The survey has revealed a very complex environmental 
situation which requires further investigation. 
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1) The Fishery Department i s co-operating with a team of 
Sc ien t i s t s from the University of Salford in further s tudies on 
a small section of the canal , and t h i s work should he extended to 
cover the whole of the canal under the ju r i sd ic t ion of the 
Lancashire River Authori ty. 
2) The invest igat ions should be directed towards obtaining 
information on ; -
a) The accumulation of toxic metals in f ish 
t i s s u e s , and also in inver tebrates 
b) The diurnal var ia t ions in dissolved oxygen 
in the canal during hot weather when 
heavy weed growth i s present 
c) The effects of p a r a s i t i c a l in fes ta t ion on 
f ish 
d) The rate of biodegradibility of oil on the 
bed of the canal, and also into the effect 
of oil on the fauna and flora of the canal 
bed 
e) The suitability at the present time of the 
various sections of the canal for the 
introduction of fish. 
59. 
Recommendations 
ADDENDUM 
Records of Fish Re-stocking - 4. Years Prior to Survey 
1967 - 38,000 Roach, Perch, Pike, Crucian Carp 
1968 - 2,000 Roach 
1969 - 600,000 Roach 
1970 - 36,400 Roach, Perch, Rudd, Carp, Chub, Bream 
Total - 676,400 
I f a l l these f ish had survived u n t i l 1971 when the survey 
was carr ied out, a population density of 5.4 f ish per yard length 
of the canal would have resu l ted as opposed to the population 
densi ty of 0.43 f ish per yard length revealed by the survey. 
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